between 1°C and 37°C, but the optimum is between 20°C and 30°C (Yang et al.,
2015).
Presently there are no enough data reported in the scientific literature for the antimicrobial activity of Leuconostoc spp., in particular of Leuconostoc lactis. Therefore, the aim of the present study was to evaluate the antimicrobial potential of Leuconostoc lactis BT17, isolated from a naturally fermented cereal beverage (boza) against Escherichia coli, Salmonella sp. and Klebsiella pneumoniae by coculturing of the strain with each of the test microorganisms under static conditions.
MATERIAL AND METHODS

Microorganisms
In the present study the following microorganisms from the collection of the Department of Microbilogy, University of Food Technologies, Plovdiv, Bulgaria were used:
Studied microorganism: Leuconostoc lactis BT17, isolated from a naturally fermented cereal beverage (boza).
Test microorganisms: Escherichia coli ATCC 25922, Salmonella sp. (clinical isolate) and Klebsiella pneumoniae (clinical isolate).
Media
MRS-broth:
Composition (g/L): peptone proteose -10.0; yeast extract -4.0; meat extract -8.0; glucose -20.0; K 2 HPO 4 -2.0; sodium acetate -5.0; triammonium citrate -2.0; MgSO 4 -0.2; MnSO 4 -0.05; Tween 80 -1 mL. The final pH was adjusted to 6.5 and the medium was autoclaved for 15 minutes at 121ºC.
MRS-agar medium:
Composition (g/L): MRS-broth; agar -20.0. The medium was autoclaved for 20 minutes at 121ºC.
LBG-agar medium:
Composition (g/L): tryptone -10.0; yeast extract -5.0; NaCl -10.0; glucose -10.0; agar -20.0. The final pH was corrected to 7.5 and the medium was autoclaved for 20 minutes at 121ºC.
The antimicrobial activity of Leuconostoc lactis BT17, isolated from a spontaneously fermented cereal beverage (boza) against some test microorganisms (Escherichia coli ATCC 25922, Salmonella sp. and Klebsiella pneumoniae) was determined by co-culturing of the strain Leuconostoc lactis BT17 with each of the test microorganisms under static conditions. It was found that the strain Leuconostoc lactis BT17 inhibited the growth of the test microorganisms and no viable cells of Escherichia coli, Salmonella sp. and Klebsiella pneumoniae were detected at the 48 -th hour of the co-culturing. The reduction of the number of viable cells in the mixed populations was a result of the produced lactic acid by Leuconostoc lactis BT17 in the culture medium, which modify the conditions unlikely to growth of the test microorganisms.
Antimicrobial assay
To determine the antimicrobial activity of Leuconostoc lactis BT17 against the test microorganisms, a 48-hour culture of the studied strain was used. In the experimental procedure, 0.5 mL of the suspension of the strain Leuconostoc lactis BT17, 0.5 mL of the suspension of the relevant test microorganism and 9 mL of MRS-broth were mixed. For preparation of the controls, 0.5 mL of the suspension of Leuconostoc lactis BT17 with 9.5 mL of MRS-broth and 0.5 mL of the suspension of the relevant test microorganism with 9.5 mL of MRS-broth were mixed. Co-culturing of the strain Leuconostoc lactis BT17 and each of the test microorganisms was carried out under static conditions in a thermostat at 37±1°C for 72 hours. Samples at the 0 
RESULTS AND DISCUSSION
The interaction between Leuconostoc spp. and bacteria, members of Enterobacteriaceae family, some of which are important pathogens and causative agents of food toxicoinfections, is of major scientific interest. In addition, this study provides more complete biological characterization of the isolated strain Leuconostoc lactis BT17 and assists in the selection of appropriate strains for solving specific problems. During the separate culturing under static conditions, the strain Leuconostoc lactis BT17 and the test microorganisms reached the number of viable cells of 1x10 14 cfu/mL by the 48 -th hour of the culturing (Fig. 1a, Fig. 2a, Fig. 3a ). It was found that the titratable acidity of the medium for all of the three test microorganisms was lower compared to the titratable acidity of the studied strain (Fig. 1b, Fig. 2b, Fig. 3b ).
Antimicrobial activity of Leuconostoc lactis BT17 against Escherichia coli ATCC 25922
During the process of co-culturing under static conditions of Leuconostoc lactis BT17 with Escherichia coli ATCC 25922, an increase in the viable cells for both studied strain and test microorganism in the first 24 hours was observed. Then, the number of the viable Leuconostoc lactis BT17 cells remained unaffected (1x10 12 cfu/mL), while the number of the viable Escherichia coli ATCC 25922 cells gradually decreased and no viable cells were detected at the 48 -th hour (Fig.  1a) . The change of titratable acidity indicates that the acidity of test microorganism was significantly lower than the acidity of Leuconostoc lactis BT17 and the titratable acidity of the mixed population (Leuconostoc lactis BT17 + Escherichia coli ATCC 25922). During the first 24 hours, the titratable acidity of the mixed population was commensurable with the titratable acidity of the studied strain, while the acidity of the test microorganism was significantly lower, reaching 60°T, and this trend continued until the end of their co-culturing (Fig. 1b) . 
Antimicrobial activity of Leuconostoc lactis BT17 against Salmonella sp.
During the process of co-culturing under static conditions of Leuconostoc lactis BT17 with Salmonella sp., an increase in the number of viable cells for both studied strain and test microorganism in the first 12 hours was observed. Then, the number of the viable Leuconostoc lactis BT17 cells continue to increase (reaching 1x10 13 cfu/mL at 48 -th hour), while the number of the viable Salmonella sp. cells gradually decreased and no viable cells were observed at the 48 -th hour (Fig. 2a) . The change of titratable acidity indicates that the acidity of test microorganism was significantly lower than the acidity of Leuconostoc lactis BT17 and the titratable acidity of the mixed population (Leuconostoc lactis BT17 + Salmonella sp.) for each hour of the evaluation (Fig. 2b) .
.
Figure 2a
Survival of Leuconostoc lactis BT17 and Salmonella sp. during separate culturing and culturing in a mixed population at 37±1°C.
Figure 2b
Changes in the titratable acidity of the medium during separate culturing and co-culturing of Leuconostoc lactis BT17 and Salmonella sp. at 37±1°C.
Antimicrobial activity of Leuconostoc lactis BT17 against Klebsiella pneumoniae
During the process of co-culturing under static conditions of Leuconostoc lactis BT17 with Klebsiella pneumoniae, an increasе in the number of viable cells for both studied strain and test microorganism in the first 12 hours was detected.
Then, the number of the viable Leuconostoc lactis BT17 cells continue to increase (reaching 4.1x10 13 cfu/mL at 60 -th hour), while the number of the viable Klebsiella pneumoniae cells gradually decreased and no viable cells were detected at the 48 -th hour (Fig. 3a) . The change of titratable acidity indicates that the acidity of test microorganism was significantly lower than the acidity of Leuconostoc lactis BT17 and the titratable acidity of the mixed population (Leuconostoc lactis BT17 + Klebsiella pneumoniae) (Fig. 3b) .
Figure 3a
Survival of Leuconostoc lactis BT17 and Klebsiella pneumoniae during separate culturing and culturing in a mixed population at 37±1°C.
Figure 3b
Changes in the titratable acidity of the medium during separate culturing and co-culturing of Leuconostoc lactis BT17 and Klebsiella pneumoniaе at 37±1°C.
As seen from the results above, Leuconostoc lactis BT17 possesses high antimicrobial activity against the indicator microorganisms used. The strain effectively inhibited the growth of the microorganisms Escherichia coli ATCC 25922, Salmonella sp. and Klebsiella pneumoniae. During the co-culturing of Leuconostoc lactis BT17 with three test microorganisms, the strain retained a high number of viable cells, while the number of living cells of the test microorganisms was significantly reduced. The observed reduction in the number of living cells of the test microorganisms to a great extent was a result of the production and accumulation of lactic acid in the culture medium. Similar antimicrobial effect on the same test microorganisms was observed in our previous experiments with Lactobacillus plantarum strain BG24, also isolated from boza (Cholakov et al., 2014) . A couple of studies revealed that the inhibitory activity was not only due to the presence of organic acids and other metabolites in the culture medium, but also to specific antimicrobial compounds (bacteriocins and bacteriocin-like substances -BLIS) produced by Leuconostoc spp. as a result of their metabolic activity. Daba et al. (1991) investigated the production of a bacteriocin, referred as mesenterocin 5 -a heat stable protein, synthesized by Leuconostoc mesenteroides strain UL5, isolated from Cheddar cheese. This bacteriocin has been secreted from the cells during the late exponential phase of growth and displayed high inhibitory activity against some pathogens such as Listeria spp., but with no effect on several useful lactic acid bacteria from Lactobacillus spp., Although the lack of scientific data, concerning the antimicrobial activity of Leuconostoc spp., the results from these investigations as well as the results from the current study demonstrated the great antimicrobial capacity of the genus Leuconostoc, in particular of Leuconostoc lactis BT17. The high inhibitory activity makes the studied strain attractive for application in the food industry as potential natural food preservative against several spoilage bacteria and pathogenic microorganisms.
CONCLUSION
The results we obtained demonstrated the great antimicrobial potential of Leuconostoc lactis BT17, which makes the studied strain suitable for use as biopreservative in the preparation of fermented foods and beverages. Furthermore, the antimicrobial effect of Leuconostoc lactis BT17 on some members of Enterobacteriaceae family and the industrially important characteristics it possesses (safe and non-pathogenic; possibility for accumulation of high numbers of viable cells and production of organic acids), makes the studied strain very perspective for application in the composition of starters for probiotics, probiotic foods and beverages along with other lactic acid bacteria such as Lactobacillus plantarum and Pediococcus pentosaceus.
